The paper aims to assess the level of competition in the Indian banking sector overall as well as within the three groups of banks: foreign owned, state owned (public sector), and privately owned. We use panel data for the period from 2005-2018. We found that the overall competition in the Indian banking sector is strong, although there are differences by type of bank ownership. The Indian banking market continues to be characterized by monopolistic competition. The various policy measures taken by the Indian government in recent years appear to have helped boost competition. A policy suggestion would be to further liberalize the banking sector for foreign investment.
Introduction
This paper aims to assess the competitive conditions in the Indian banking sector overall and within the three sets of banks: state-owned, foreign-owned and privately-owned. The research is motivated by the following: First, though there is a vast literature on banking competition in the US and Europe, India, the 6th largest economy in the world (IBEF 2019a), has received limited attention. Second, we use the most recent panel data for the years 2005-2018 to study competition in the Indian banking sector and analyze the competition by bank ownership type. Third, given the importance of India in the world economy and the size of its banking sector, and the liberalized foreign investment policy, several international banks are contemplating entry in India's banking sector. While competition is generally considered to be robust, issues like market dominance of public sector banks, consumer reluctance to switch, and a high proportion of un-provided non-performing assets continue to be a drag on the banking system. Finally, we extend the methodology proposed by Apergis et al. (2016) and apply it to the Indian banking sector.
The context of India is important because the banking sector continues to play an important role in the Indian economy and contributes around 3% of India's GDP growth (Debnath and Shankar 2008) . Second, several reforms were initiated by the Modi government to restore the health of the banking institutions. These included the introduction of Insolvency and Bankruptcy Code 2016 and recapitalization of public sector banks 1 . Whether these measures initiated by the Modi government after it came to power in 2014, improved competitive conditions in the Indian banking sector is an issue that has not been examined so far. We fill this gap. 1 As noted by Mohapatra and Jha (2018) , the Modi government infused Rs 66.90 billion in the public sector banks during 2014-2015 and Rs 250 billion each in the years 2015-2016 and 2016-2017 . It further intended to infuse Rs 880 billion in 2017-2018. The Indian commercial banking sector consists of 27 public sector banks, 21 private sector banks, and 49 foreign banks. There are also 56 regional rural banks, 1562 urban cooperative banks, and 94,384 rural cooperative banks. The total loans extended by commercial banks alone amounted to Rs 93,751.17 billion (US$1299.39 billion) , and deposits amounted to Rs 120,818.92 billion (US$1866.22 billion) by the end of first quarter of 2019, while the assets of public sector banks alone were US$1557.04 billion in 2018 (IBEF 2019b) .
We make following important contributions to the literature:
(a) We compare the competitive conditions among the public, private, and foreign banks, which has not been attempted in prior studies on Indian banking except by Prasad and Ghosh (2007) ; (b) We use panel data analysis similar to Apergis et al. (2016) to bring additional insights not found in prior studies; (c) We confirm the findings of prior studies on competition in Indian banking, using a different methodology and latest available data.
Besides these contributions to the literature, the study could also help inform policy and strategic managerial decisions, especially for banks considering to enter or expand in the flourishing Indian banking market.
The paper is organized as follows. Section 2 presents the literature review. The methodology is presented in Section 3. Section 4 presents the results and discussion, and Section 5 concludes.
Theory and Literature Review
The theory of contestable markets (Baumol 1982) provides the theoretical rationale for competition studies. The theory posits that in a contestable market there are no entry or exit barriers. Consequently, the market reaches stability and equilibrium, whatever be the structure-monopoly, oligopoly or duopoly-provided the market outcome is sustainable.
In the literature, competition is measured by either the structural (non-formal) approach or the non-structural (formal) approach. The structure-conduct-performance (SCP) paradigm is used as the framework in the structural approach. It posits that concentration of market power can lead to lower deposit rates and higher lending rates thereby enabling banks to earn monopolistic profits. The Herfindahl-Hirschman index (HHI) is used to examine the relationship between concentration and market power. To obtain HHI, either the deposits or total assets or total loans for each bank are squared and thereafter summed up. The three or five-firm concentration ratio is calculated which depicts the state of market concentration.
The alternative efficient structure hypothesis (ESH) posits that it is not market power that brings higher profits but the efficiency gains that follow market concentration. In the non-structural approach, generally two methods have been used: Bresnahan (1982) model and the Panzar and Rosse (1987) model. Bresnahan (1982) and Lau (1982) used aggregate industry data and a parameter to proxy market power and estimated a simultaneous equation model. Researchers such as Shaffer (1993) and Bikker and Haaf (2002) have used this model.
The Panzar and Rosse (1987) model examines how the changes in factor input prices affect the revenue of a bank. As the model uses bank-specific data, it captures unique bank characteristics. Many studies have used the Panzar and Rosse H statistic to assess the competitive conditions in the banking market in US, Europe, and other countries. These studies (for example, Berg and Kim 1998; Bikker and Groeneveld 2000; Shaffer 2002; Bikker and Haaf 2002; Beck et al. 2006) , generally found that banks operated in a monopolistic competition. When a multi-country study was conducted by Gutiérrez de Rozas (2007) , it was found that US Banks were more competitive compared to the European banks. Claessens and Laeven (2004) computed H statistic for the years 1994-2001 for 50 countries-both developed and developing-and found that monopolistic competition prevailed in the banking markets of these countries. Bikker and Spierdijk (2008) similarly found monopolistic competition in the banking market of EU countries. Fosu (2013) in the context of a sub-regional study of banking competition in Africa found that the banking markets could be described by monopolistic competition. Barros and Mendes (2016) found that in Angola, the banking market was monopolistic.
Similarly, Anginer et al. (2012) used data for 63 countries over 1997-2009 and found a positive relationship between competition and systemic stability. The majority of the other studies on banking competition also suggest that generally the market is characterized by monopolistic competition (Apergis et al. 2016 ). In such a market, as suggested by the theory of monopolistic competition, firms have little to no control over the market price and, as such, compete on the basis of product differentiation. Consequently, to improve profitability and to compete in the market, managers have to resort to strategies like mergers, acquisitions, improving operational cost efficiency, asset and liabilities diversification, and increasing non-interest revenue (Andrieş and Căpraru 2014) . There are many other notable studies on competition in banking (for example, Yüksel et al. 2016 Yüksel et al. , 2018 Dinçer and Yüksel 2018; Dinçer et al. 2019) .
Studies on competition in Indian banking are limited. Prasad and Ghosh (2005) computed the Panzar and Rosse H-statistic of Indian banks using data of 64 commercial banks for the period 1997-2004 and found that the Indian banking market demonstrated a monopolistic competition. Prasad and Ghosh (2007) used annual data of scheduled commercial banks for the period 1996-2004 and again confirmed the results of their earlier study. Mishra (2011) studied 75 banks classified by ownership-public, private, and foreign-over a period of 1997-2008 using two panel data sets-each of 6 years. They found that the Indian banking sector is characterized by monopolistic competition and that liberalization has helped improve its efficiency, productivity and stability. Mishra and Sahoo (2012) studied 59 Indian banks for the years 1999-2000 to 2008-2009 and found a multi-directional and dynamic relationship in the Indian banking sector. Ansari (2012) found that the Indian loan market was monopolistic and that public sector banks and private sector banks were more competitive than foreign banks. Dutta (2013) analyzed the degree of competition in the Indian banking sector for the period 1997-1998 to 2004-2005 and found that the competitive environment improved following banking reforms and that competition has become more severe. Apergis (2015) in a study of 21 emerging market economies, that included India, found that these markets were characterized by monopolistic competition. Rakshit and Bardhan (2019) measured the competitive conditions in India using a sample of 70 commercial banks over the period 1996-2016. It was found that public sector banks experienced a relatively higher degree of competition compared to private and foreign banks. Like other emerging markets, Sinha and Sharma (2016) found that the Indian banking market is characterized by monopolistic competition. Arrawatia et al. (2019) studied banking competition in India for the period 1996-2016 using the learner index approach and confirmed the monopolistic competitive conditions. The present study improves on prior studies in the following ways:
(a) We use more recent data, that is, for the years, 2005-2018; (b) We examine the competitive conditions faced by ownership group of banks; (c) We use the Panzar and Rosse (1987) model as extended by Apergis et al. (2016) and apply it to the Indian context and provide new insights not available hitherto in the literature.
Data and Method
In this section, the data and method have been described.
Data
The required data was obtained from the Reserve Bank of India website where yearly data is available for the years 2005-2018. The banks for which data was missing on some of the variables were dropped from the analysis. Some banks merged during the period, and new banks entered the Indian banking market. Consequently, it is unbalanced panel data. The total observations used for the analysis were 784.
Method
The Panzar and Rosse H statistic is typically used in the literature to test the theory of competitive conditions in the market. To determine the market structure, a four-step methodology is followed; that is, a log-linear form regression is estimated, and factor input elasticities are calculated; these are summed up to give the H statistic, and then the criteria as indicated below is used to determine the competitiveness of the market. The elasticities are calculated by estimating a reduced form revenue equation involving a vector of input prices and other control variables. The reduced form revenue equation of the Panzar and Rosse (1987) variety is written as below:
where GR refers to gross revenue, ω i refers to the ith input factor, and CF refers to firm-specific control factors. The equation for computing H statistic is as below:
where k = 3 refers to the three factor input elasticities. Panzar and Rosse (1987) show that when H is negative the market is monopolistic. If it is 1, the market is perfectly competitive and in long-run equilibrium, and when the H lies between 0 and 1, it is considered to be monopolistically competitive market. Apergis et al. (2016) , however, point out that the method is not useful for comparing the competition between large and small banks or between banks by ownership type-foreign vs. domestic, for example. Furthermore, as Bikker and Spierdijk (2008) and Bikker et al. (2012) show, the use of both scaled and unscaled price or revenue function in modelling, as most prior studies have done, can lead to unreliable estimation of the H statistic. To overcome these limitations of prior studies, Apergis et al. (2016) used both scaled and unscaled price and revenue equations to estimate H statistic in the context of European banking.
Following from Molyneux et al. (1994) , Bikker and Haaf (2002) , Bikker and Spierdijk (2008) , Anginer et al. (2012) , and Apergis et al. (2016) , we estimate five reduced-form revenue equations as below:
Since Bikker et al. (2012) point out that scaled revenue and price functions as above are likely to over-estimate banking competition, we estimate H indices generated by following unscaled models as a check of robustness.
In the above equations, a and it are the intercept and the error term respectively. The other variables and their measures are tabulated below in Table 1 . 
Variable Description

P it
Ratio of gross interest revenue to total assets for bank i at time t, which is a proxy for loan prices
FUND it
Ratio of interest expenses to total deposits and money market funds for bank i at time t, which is a proxy for average funding cost
WAGE it
Ratio of personnel expenses to total assets for bank i at time t, which is a proxy for wage rate
CAP it
Ratio of operating and administrative expenses to total assets for bank i at time t, which is a proxy for the price for physical capital employed
LEV it
Ratio of equity to total assets for bank i at time t, which is a proxy for the leverage
RISK it
Ratio of net loans to total assets for bank i at time t, which is a proxy for the credit risk
SIZE it
Total assets
ROA it
Represents pre-tax return on assets Z it Ratio of total revenue to total assets for bank i at time t
GIR it
Gross interest revenue
The sum of three elasticities yields the H statistic in Equations (1) and (3) above.
The data for all variables is annual and the variables are in their natural logarithms. The data are reported in Indian currency (Rupees). Conversion into US dollars or other foreign currency is required in a multi-country study.
Summary statistics of the variables included in the model are presented in Tables A1 and A2 in the Appendix A. As can be seen from the standard deviation of the variables, the data do not depict any major variation from the mean. Similarly, the values of skewness and kurtosis suggest that the data are not normally distributed.
The level of competition has been assessed using fixed effects panel GLS estimator, and robustness has been tested by OLS estimator advocated by Pedroni (2000) .
Results and Discussion
We present and discuss the results of our study in this section.
Stationarity Test
The results of unit root test are presented in Table A3 . The results do not support the presence of unit root. Consequently, the levels data were used for estimation purposes.
Estimation
We present the results of estimation of the five models as indicated earlier in Table A4 . The profit, ROA, and Z columns refer to scaled regression results, while GIR and TR are unscaled regression results representing Equations (1) to (3) and (4) and (5), respectively. Table A4 presents the results of OLS, fixed effects, and random effects regressions for all banks as well as separately for the foreign banks group, public sector banks groups, and private-sector banks group. As the tables are large, these have been presented in the Appendix A.
As can be seen from the tables, the CAP variable has a smaller (co-efficient) value than FUND and WAGE variables in Equation (1) (profit equation). It is indicative of the fact that excess physical capital (such as the number of branches) does not result in abnormal revenue. In the ROA test and in the Z test, the CAP variable has a larger value than FUND and WAGE variables whichever regression method-OLS, fixed effects, or random effects-is used. It signifies that return on assets is impacted by input prices. The robustness of models 1 to 3 has been checked by Equations (4) and (5)-the GIR and TR columns in Table A4 . The high R squared values in OLS of these equations indicate high collinearity.
Table A4 also shows the values of VIF. It can be seen that the values are much below 10. VIF values above 10 are indicative of multi-collinearity (Hair et al. 2006) .
The H index (which is the sum of elasticities in Equations (1) to (3)) is presented in Table A5 (see  the Appendix A) .
From Table A5 , it can be seen that the H statistic for all banks in India for all the years of the study stood at 0.47, which indicates that monopolistic competition prevailed. For the public sector banks group, private-sector banks group, and the foreign banks group, the H statistic was 0.50, 0.65, and 0.46, respectively, which suggests that private sector banks groups were more competitive as compared to the other two groups, and the foreign banks group was the least competitive amongst the three groups. The empirical results of this study are similar to those of prior studies (such as Claessens and Laeven 2004; Casu and Girardone 2006; Gutiérrez de Rozas 2007; Prasad and Ghosh 2007; Ansari 2012; Dutta 2013) and provide evidence of monopolistic competition. Prasad and Ghosh (2007) analyzed scheduled commercial banks data for the period 1996-2004, and found that the H statistic was 0.20 for public sector banks. In our study, the value stands at 0.50 which indicates increased competition in the public sector banks group. Similarly, for the foreign banks and private bank groups, these authors reported H statistic of 0.45 and 0.55, respectively. We found the H statistic for these group to be 0.46 and 0.65, respectively, indicating increased competition in all the three groups. Zhao et al. (2010) who examined the Indian lending market found that during 1998-2004 (study years) competition was stronger. Ansari (2012) using data for the period 1996-2011 found that the concentration in public sector banks and private sector banks was lower than in foreign banks.
Our results are similar.
The competitive conditions in the Indian banking market are different from those in other developing countries. In Ghana, for example, banking is highly concentrated (Adjei-Frimpong et al. 2016) . Studies in Africa and Angola by Fosu (2013) and Barros and Mendes (2016) , respectively, found that the African banking market demonstrated monopolistic competition while the Angolan banking market was monopolistic.
The Government of India has initiated a program of merger of public sector banks to form four major banks in that sector to enable them to be internationally competitive. Accordingly, three major public sector banks, viz., Dena Bank, Vijaya Bank, and Bank of Baroda were merged in 2018. The merger will become effective from 1 April 2019. More mergers are on the cards as the government wants to create large banks that could compete globally. The mergers are unlikely to adversely impact competition in the sector as a whole. The Indian banking sector is, however, sagged with some major problems such as bad loans, cyber threats, and bank frauds, observed the Financial Stability Report of the Reserve Bank of India (RBI). The Report found that the average bad loans of public sector banks constituted 75% of their net worth and were squeezing banks' profitability and capital positions, endangering the health of the banking system.
Conclusions
Typically, the three firm or five firm concentration index or the HHI are used to assess competition in the banking market. However, these ratios and indices may not be appropriate to assess competition, given the information asymmetries in corporate borrowing, switching costs in retail lending, and network externalities in payment systems (Apergis et al. 2016) .
The present study aimed to assess the competition in the Indian banking sector overall and within the three bank groups by ownership, that is, state-owned, foreign-owned, and privately-owned. Unbalanced panel data for the period 2005-2018 available at the Reserve Bank of India website was used. Panzar and Rosse H statistic was computed. Following from Apergis et al. (2016) , we empirically estimated the level of banking competition. The results confirm that though the Indian banking market is characterized by monopolistic competition, it has witnessed significant reduction in concentration compared to the results reported by prior studies. The results suggest that the measures taken by the Modi government since 2014 have contributed to increasing competition in the banking sector.
These findings are similar to those by Dutta (2013) who found that banking reforms have helped increase competition in Indian banking.
A policy suggestion emanating from this research would be that the Indian government needs to further liberalize foreign direct investment policy in the banking sector to reap the advantages of competition. As already indicated, the banking sector continues to be dominated by the public sector banks. This is unlikely to change given the geographical spread of these banks across the country.
Future studies could explore the banking competition in India vis-a-vis that of other Asian countries or the BRICS countries so that a comparative picture can emerge. The lessons from Indian banking liberalization over the years could be helpful for other countries in the region if analysis similar to that presented in Table A4 could be attempted for each of the bank ownership groups. Acknowledgments: The authors are very grateful to the anonymous referees whose insights considerably helped improve the quality of the paper.
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